The trimeric human single-stranded DNA- (9), was added to a reaction mixture (5.6 ml) containing 40 mM creatine phosphate (pH 7.7), creatine kinase (25 /ag/ml), 7 mM MgCl2, 0.5 mM dithiothreitol (DTT), 4 mM ATP, G1 extract (21.8 mg), and cyclin A (0.23 mg). The preparation of G1 extracts from HeLa cells and cyclin A was as described (23). After incubation at 37°C for 1 hr, the mixture was adjusted to 0.2 M NaCl, 20 mM EDTA, 0.5 mM DTT, 1 mM phenylmethanesulfonyl fluoride, antipain (2 jug/ml), leupeptin (1 Lg/ml), 1 mM Na3VO4, 10 mM NaF, and 0.1 ,M okadaic acid and then loaded onto a phosphocellulose 
HSSB has no direct effect on the basic mechanism of DNA replication and nucleotide excision repair reactions in vitro, although we cannot exclude a role of p34 phosphorylation in modulating HSSB function in vivo through a yet poorly understood control pathway in the cellular response to DNA damage and replication.
The human single-stranded DNA (ssDNA)-binding protein (HSSB; also called RP-A) is essential for DNA replication and nucleotide excision repair and may play important roles in recombination and transcription (1) (2) (3) (4) (5) (6) . The protein is made up of polypeptides of 70, 34, and 14 kDa; the human genes encoding the three subunits have been cloned, and the complex has been assembled from vectors expressing all three subunits in Escherichia coli (7) as well as in baculovirusinfected cells (8) . The function of HSSB has been extensively studied in the simian virus 40 (SV40) DNA replication system where it has been shown that all three subunits are essential for replication. The p70 subunit binds ssDNA, whereas the functions of the other subunits are unknown, though antibodies against any one of the subunits have been shown to inhibit SV40 DNA replication (9) (10) (11) . The subunit structure of HSSB is highly conserved in eukaryotes. In Saccharomyces cerevisiae each of the ssDNA-binding protein subunits is encoded by a single essential gene (12) .
The p34 subunit of HSSB becomes phosphorylated at the G1/S boundary of the cell cycle (13) and upon exposure of cells to DNA damage by ionizing (14) or UV (15) radiation. These observations have led to speculation that the phosphorylation state of the protein modulates its function in DNA replication and repair. In support of this model, it has been reported that extracts from UV-irradiated HeLa cells contained almost exclusively the hyperphosphorylated form of HSSB and were incapable of supporting SV40 DNA replication (15) and that the addition of the unphosphorylated form of HSSB restored the replication activity to the cell extract. DNA damage induces the cyclin-dependent kinase (cdk) inhibitor p21 (Cip 1, WAF 1, or Sdi 1), which binds proliferating cell nuclear antigen (PCNA) and inhibits SV40 DNA replication (16, 17) but apparently not nucleotide excision repair (18, 19 (1 mM Na3VO4, 10 mM NaF, and 0.1 ,LM okadaic acid). The flow-through and wash fractions were pooled, adjusted to 0.5 M NaCl, and then chromatographed on a ssDNA-cellulose column (0.5 ml) equilibrated with buffer B plus 0.5 M NaCl. After washing with 10 ml of buffer B plus 0.7 M NaCl, bound protein was eluted with 2 ml of buffer B plus 2 M NaCl and 45% (vol/vol) ethylene glycol. The eluate was dialyzed against 1 liter of buffer B plus 0.25 M NaCl for 2 hr at 0°C and subsequently concentrated by centrifugation using a Centriflow-25 cone (Amicon). This procedure yielded 64 ,Ig of phosphorylated HSSB (1.6 mg/ml).
As a control for experiments, HSSB was prepared using the same procedure as described above except that ATP, creatine kinase, and MgCl2 were omitted from the reaction mixture.
The procedure yielded 53 ,pg of unphosphorylated protein (1.5 mg/ml). This material is referred to as (mock-treated) unphosphorylated HSSB. HSSB purified from cytosolic extracts of HeLa cells (9) and used for the preparation of phosphorylated HSSB is referred to as untreated HSSB.
In Vitro SV40 DNA Replication Assays. SV40 DNA replication with the monopolymerase system was carried out as described (24 20 /LM each dNTP, bovine serum albumin (100 /ug/ml), 1 mM DTT, 1 nM 32P-labeled substrate, 7% glycerol, fractions I-IV (xeroderma pigmentosum A-G plus TFIIH) as reported previously (6) , and the indicated amounts of fraction V (HSSB), either in the unphosphorylated or phosphorylated form. The reaction mixture was incubated at 30°C for the indicated time, and the products were analyzed on a 10% polyacrylamide sequencing gel as described (6) . The (26, 27) . For these reasons, we compared unphosphorylated and phosphorylated HSSB for their ability to support the monopolymerase system. As shown in Fig. 2A , these two forms of HSSB, as well as HSSB isolated from HeLa cells, were equally active except that at low levels (<100 ng), the phosphorylated HSSB was about 2-fold more active than the unphosphorylated form.
The replication activity of HSSB was also tested using an AS fraction-complementation system (20) . The The rate of SV40 DNA replication in the monopolymerase reaction in the presence of the different HSSB preparations was identical, and no change in the phosphorylation state of the p34 subunits of HSSB was detected after incubation in the monopolymerase system (data not shown). Consistent with this, we observed no differences between the phosphorylated and unphosphorylated forms of HSSB in their ability to bind ssDNA (data not presented). We conclude from these experiments that the phosphorylation status of HSSB has no effect on the SV40 DNA replication system.
Excision Repair with Phosphorylated HSSB. Using an in vitro system for nucleotide excision repair, we tested the effect of phosphorylation on DNA repair. In this system both excision (6) and repair synthesis (4) are dependent on HSSB. Fig.   3 shows the level of excision of a cholesterol adduct as a function of HSSB concentration. At low HSSB concentration it appears that unphosphorylated HSSB was more active; however, at high concentrations the trend was reversed. These results indicate that phosphorylation either has no or only a moderate effect on excision repair. However, the observed differences in either direction were within experimental variability. Hence we conducted kinetic experiments to assess the effect of phosphorylation on excision. Fig. 4 represents excision kinetics by the excision system with purified proteins. Again, the two forms of HSSB showed essentially the same activity. At later time points (45 and 60 min), the unphosphorylated form appears to be 10-30% more active, an observation we attribute to experimental variation.
Phosphorylation Status of HSSB During and After Repair. The excision repair system we used was reconstituted from highly purified proteins. However, with the exception of xeroderma pigmentosum A, all of the other factors were purified from HeLa cells. It was conceivable that these purified proteins might be contaminated with sufficient quantities of cdk-cyclin A complex and DNA-PK to phosphorylate the nominally unphosphorylated HSSB in our reaction mixtures. Therefore, the phosphorylation status of HSSB was tested after an excision reaction by performing an immunoblot analysis (Fig. 5) (34) reported that HSSB p34 with serine -> alanine substitutions at Ser-23 and Ser-29 (serine cdc2 kinase consensus phosphorylation sites) had normal DNA-binding activity, had normal replication activity in a partially purified system, and became phosphorylated under replication conditions. Finally, Brush et al (35) showed that even though DNA-PK was required for SV40 DNA replication-dependent phosphorylation of HSSB p34 in cell-free extracts (36) , depletion of the kinase activity with DNA-PK antibodies had no effect on DNA replication. These studies, which identified some sites and the mechanism of HSSB phosphorylation, do not directly address the issue of whether or not phosphorylated HSSB is active in replication or repair. In contrast, the data presented in this paper provide direct evidence that the phosphorylation status of the HSSB p34 subunit plays no direct role either in SV40 DNA replication or in nucleotide excision repair. It has been suggested that DNA replication intermediates, such as a replication fork, act as a cofactor for DNA-PK to promote phosphorylation of HSSB and that the phosphorylated form of HSSB initiates a signaling pathway that prevents cell cycle progression while replication or repair intermediates exist (35) . Further studies are needed to test this model. 
